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FOREWORD

The Exposure Assessmen t Group (EAG) of EPA's Office of Research and
Developm ent has three main functions : (1) to conduc t hum an health and ecologic al
exposure and risk assessmen ts, (2) to review exposure and risk assessmen ts and related
documents, and (3) to develop guide lines and handbook s for use in these assessmen ts.
The activities under each of these functions ar e suppor ted by and r espond t o the needs of
the various program offices, regional offices, and the technical commu nity.

The Wildlif e Expos ure Factors Handbook was produced in response to the
increased interest in assessing risks to ecologic al systems. Its purpose is to improve
exposure assessmen ts fo r wildlif e and suppor t the quantification of r isk estimates. Itis a
companion doc ument to the Expos ure Factors Handbook , whic h contains information
useful f or quantifying e xpos ure to humans. Because information and methods fo r
estimating e xpos ure are continually improving, we will r evise these handbook s as

necessary in the future.

Michael A. Callahan
Director
Exposure Assessmen t Group
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PREFACE

The Exposure Assessmen t Group of th e Office of Health and Environmental
Assessmen t (OHEA) has prepared the Wildlif e Expos ure Handbook in suppor t of th e Office
of Solid W aste and Emergency Response and the Office of Water. The Handbook provides
information on v arious factors used to assess exp osure to wildlif e. The goals of the
project are (1) to promote th e appli cation of r isk assessmen t methods to wildlif e species,
(2) to foster a consistent approach to wildlif e expos ure and risk assessmen ts, and (3) to
increase th e access ibilit y of th e literature applic able to these assessmen ts.

The bulk of the document summarizes literature values for exposure factors for 34
species of birds, mammal s, amphibia ns, and reptiles. In addition, we include a chapter on
allometric equations th at can be used to estimate so me of the exposure factors when data
are lacking. Finally, we describe some common equations used to estimate exp osure. The
basic literature search was co mpleted in May 1990 and was s upplemen ted by tar geted
searches conducted in 1992.

We anticipate updating t his Handbook and w ould a ppr eciate any assi stance in
ide ntifying a dditional sour ces of information t hat fill d ata gaps or otherwise improve the

Handbook . Comments can be sentto:

Exposure Assessmen t Group

Wildlif e Expos ure Factors Handbook Pr oject
USEPA (8603)

401 M Street, SW

Washingt on, DC 20460
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1. INTRODUCTION

The Wildlif e Expos ure Factors Handbook (h ereafter referred to as the Handbook )
provides data, references, and guida nce for conduc ting e xpos ure assessmen ts fo r wildlif e
species expos ed to toxic chemicals in t heir environment. It is th e product of a joint effort
by EPA's Offi ce of Research and Development (ORD), Office of Solid W aste and
Emergency Response (OSWER), and Office of Water (OW). The goals of this Handbook ar e
(1) to promote the appli cation of r isk assessmen t methods to wildlif e species, (2) to foster
a consistent approach to wildlif e expos ure and risk assessmen ts, and (3) to increase the

access ibilit y of th e literature applic able to these assessmen ts.

1.1. PURPOSE AND SCOPE

The pur pos e of th e Handbook is to provide a conv enient sour ce of information a nd
an analytic framework for screening- level risk assessmen ts for common wildlif e species.
These scr eening- level risk assessmen ts may b e used for several purposes, including: to
assess p otential effects o f environmental contamination on w ildlif e species and to suppor t
site-sp ecific decisions (e. g., for hazardous waste si tes); to suppor t the development of
water -quality or other media-specific criteria for limiting e nvironm ental levels of toxic
substances to protect wildlif e species; or to focus research and monit oring efforts. The
Handbook provides data (analogous to EPA's Exposure Factors Handbook for humans,
USEPA, 1989c) and methods fo r estimating w ildlif e intakes or doses of environmental
contaminants. Althought he data presented in the Handbook can be used for scr eening
analyses, we recommend that anyone establis hing a cl eanup goa | or criterion ont he basis
of value s cont ained herein obtain the original literature on which the values are based to
confirm that the study quality is sufficient to suppor t the criterion. This Handbook does
not include d ata or extrapolation methods r equir ed to assess th e toxicity of substan ces to
wildlif e species, nor does it include any chemical-specific data (e.g., bioavailabilit y factors).

For the Office of Water, data gathered for the Handbook wer e used to identify
wildlif e species that are likely to be at gr eater risk fr om bioaccu mulative pollut ants in

surface water s and to estimate likely exposures for these species. Data on diets and on
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food a nd water inge stion r ates can be used with chemical-specific information, such as
bioaccumulation pot ential and wildlif e toxicity, to calculate site- or region- specific
conc entrations of a chemical in water (or soil or sedim ent) that are unlik ely to cause

adverse effects.

For the Superfund pr ogram, this Handbook suppl ements th e existing e nvironm ental
evaluation guida nce. EPA's Risk Assessmen t Guidance for Superfund: Volume lIl--
Environmental Evaluation Manual (U.S. EPA, 1989a) provides an overview of ecologic al
assessmen tin the Superfund pr ocess. Itincludes a description of th e statutory and
regulatory bases fo r ecologic al assessmen ts in Superfund and fundamental concepts for
unde rstanding e cologic al effects o f environmental contaminants. The Environmental
Evaluation Manual also reviews elements of planning a n ecologic al assessmen t and how to
organize and pr esent the results of the assessmen t. EPA's Ecological Assessmen t of
Hazardous Waste Sites: A Field and Laboratory Reference (U.S. EPA, 1989b) and
Evaluation of Terrestrial Indicators for Use in Ecological Assessmen ts at Hazardous Waste
Sites (U.S. EPA, 1992) are companion doc uments that describe biologic al assessmen t
strategie s, field sampling de signs , toxicity tests, biom arkers, biologic al field assessmen ts,
and data interpretation. The ECO Update intermittent bulle tin s eries (publis hed by EPA's
Office of Solid W aste and Emergency Respons e, publi cation no. 9345.0-05I, available from
the Nationa | Technic al Information S ervice, Springfield, Virginia) provides suppl emental
guida nce for Superfund on s elected issues. Althought hese documents have identified
decreases in wildlif e popula tions as pot ential endpoint s for ecologic al assessmen ts, they
do not provide guidance on how to conduc t a wildlif e expos ure assessmen tthatis
comparable to the guida nce provided by th e Superfund pr ogram for human health
exposure assessmen ts. This Handbook provides both guida nce and data to facilitate

estimating w ildlif e expos ure to contaminants in the environment.

Exposure assessmen ts for wildlif e and hum ans differ in several important ways.
One key distinction is th at many differ ent wildlif e species may be exposed, as compared
with a single sp ecies of conc ern for a hum an health assessmen t. Exposure varies between
different species and even between differ ent popula tions of th e same sp ecies; behavioral

attributes and diet and habitat preferences influence this variation. Second, whereas itis
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seldom possible to confirm estimated levels of human exposure without invasi ve sam pling
of human tissues, confirmatory sampling f or many chemicals can be done in wildlif e
species (protected species excepted). However, the tissue sampling r equir ed to quantify
actual exposure levels can be costly, and interpretation of ti ssue conc entrations can be

complex.

For both hum an health and wildlif e expos ure assessmen ts, the most co st-effecti ve
approach is often to first scr een for potentially signif icant expos ures using measures (or
estimates) o f environmental contamination (e.g., in soils, water, prey species) to estimate
contaminant intakes or doses by signif icant routes of exposure. If estimated doses fall far
below the toxicity val ues asso ciated with adverse effects, especially from chronic
exposures, further assessmen t may b e unnecessary. If estimated doses far exceed
reference toxicity val ues, it may b e possible to determine appropriate actions on the basis
of these estimates alone. When a screening- level exposure assessmen t indi cates th at
adverse effects ar e likely, additional confirmatory data may b e needed in the decision-
making pr ocess. For humans, itis usually not practicable to obtain additional types of data
(e.g., tissue conc entrations , biom arkers), and hum an expos ure estimates ar e often refined
by using m ore site-specific data for exposure parameters. For wildlif e, confirmatory data
may b e obtained from chemical analyses o f tissue samples from potentially exp osed
wildlif e or their prey and from observed incidence of disease, reproduc tive failur e, or death
in expos ed wildlif e. These are reviewed in EPA's field and laboratory reference and
terrestrial indi cators documents described above (EPA, 1989b, 1992). If this more direct
appr oach is not possible, the expos ure analysis can be refined on t he basis of mo re site-

specific data for the species of concern.
Wildlif e can be expos ed to environm ental contamina nts through inha lation, dermal
contact wi th contaminated water or soil, or ingestion of con taminated food, water, or soil.

Exposure assessmen t seeks to answer sever al questions, including:

. What organisms ar e actually or potentially exp osed to contaminants?
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. Which organisms or life stag es might be most vulne rable to environm ental
contaminants (e.g., ingest th e largest quantities of contaminated media

relative to body size )?

. What are the signif icant routes of exposure?

. To what amounts of each contaminant are organisms actu ally or potentially
exposed?

. How long is each exposure?

. How often does or will e xpos ure to the environm ental contaminants take
place?

. What seaso nal and climatic variations in condit ions ar e likely to affect
expos ure?

. What are the site-sp ecific geophy sical, physical, and chemical condit ions

affecting e xpos ure?

The parameters for which data are presented in the Handbook ar e intended to help a risk
assesso r answer these questions. The popula tion pa rameter data (e.g., birth and death
rates) may b e useful for placing estimates of risks to wildlif e popula tions in a broader

ecologic al context and for planning m onit oring activities.

This Handbook fo cuses on selected groups of mammal s, birds, amphibia ns, and
reptiles. Fish and aquatic or terrestrial invertebrates wer e notincluded in this effort. The
profiles on amphibia ns and r eptiles are, in general, less d evelope d than thos e for birds and
mammals. We emphasized birds and mammal s because methods fo r assess ing t heir
expos ure are more common and well develope d. As more assessmen ts are done for
amphibia ns and r eptiles, we anticip ate th at addit ional methods and s uppor ting factors will
be necessary. Until then, we hope th e inf ormation pr esented here will e ncour age

assesso rs to begin c onsidering and qua ntifying t heir expos ure.

For all exposure parameters and species in the Handbook , we try to present data
indi cative of the range of values that differ ent popula tions of a species may assu me acr oss
North America. For site-specific ecologic al risk assessmen ts, itis important to note that

the values for exposure facto rs presented in this Handbook may not accu rately represent
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specific loc al popula tions . The species included in t he Handbook h ave broad geographic
ranges, and they may ex hibit different values for many of the exposure factors in different
portions of their range. Some species exhibit geographic var iation in body size , survival,
and reproduc tion. Breeding and migration also influence expos ure. Site-specific values
for these parameters can be determined more accurately using publis hed studie s of local
popula tions and assistance from the U.S. Fish and Wildlif e Service, state d epartments of
fish and game, and organizations su ch as loc al Audubon S ociety ch apters. In addition, The
Nature Conservancy de velops and m aintains wildlif e databases (including e ndangered
species) in coope ration w ith all 50 states. Local information inc reases th e certainty of a
risk assessmen t. Thus, for site-specific assessmen ts, we str ongly r ecommend contacting

loc al wildlif e experts to determine the presence and characteristics of species of concern.

Finally, we do not intend to imply th at risk assessmen ts fo r wildlif e should be
restricted to the species described in this Handbook , or should a Iways b e conducted for
these species. We emphasize that locally important or rare species not included in t his
Handbook may still be ver y im portant for site-sp ecific risk assessmen ts. To assist users
who wish to evaluate other species, we list general references for birds, mammal s,
reptiles, and amphibia ns in Nor th America. The Handbook al so provides allo metric
equations to assistin extrapolating e xpos ure factors (e.g., water inge stion r ate, surface

area) to closely related species on the basis of body size .

1.2. ORGANIZATION OF THE HANDBOOK

The Handbook is organized into four chapters. The remainde r of this ch apter
provides an overview of the species and exposure factors included in t he Handbook an d
discusses th e literature search strategy used to identify facto rs. Chapter 2 presents
exposure profiles for the selected species (described in greater detail below). Chapter 3
provides allometric models that may b e used to estimate food and water inge stion r ates,
inha lation r ates, surface areas, and metabolic r ates for wildlif e species on t he basis of
body size . Chapter 4 describes common equations used to estimate wildlif e expos ure to

environm ental contaminants. Included are methods fo r estimating di et-sp ecific food
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inge stion r ates on the basis of metabolic r ate and for estimating e xpos ure to chemicals in

soil a nd sedim ent.

Chapter 2 is th e core of th e Handbook ; it presents exp osure profiles for selected
birds (Section 2.1), mammal s (Section 2.2), and reptiles and amphibia ns (Section 2.3),
along w ith brief descriptions of th eir natural history. Each species profile includes an
introduc tion t o the species' general taxonom ic group, qualitative description of th e
species, list of similar species, table of exposure factors, and reference list (which also
covers that species' sectionin V olume Il, the Appendix). The values included inthe
exposure factors tables are a subset of those we found in t he literature and also include
values th at we esti mated using t he allometric equations presented in Chapter 3. We
selected values for the tables in Chapter 2 based on a variety of facto rs including sample
size, quantification of var iabilit y (e.g., standard deviations , standard errors, ranges),
relevance of the measurement tec hnique fo r expos ure assessmen t, and coverage of
habitats, subspecies, and the variability seen in the literature. A complete listing of th e
parameter values identified in our literature survey is provided in the Appendix. The
Appendix al so include s more details conc erning sample size , methods , and qua lifying
information t han the species profiles. Users are encour aged to cons ult th e Appendix to

select the most ap propriate values for their particular assessmen t.
The remainde r of this introduc tory chapter describes the species and exposure

factors covered in the Handbook in gr eater detail. The literature search strategy is

discussed in Section 1.6.

1.3. LIST OF SELECTED SPECIES

Wildlif e species were selected for the Handbook to provide several types of

coverage:
. Major taxonom ic groups (major vertebrate groups, orders, and families);
. A range of diets (e.g., piscivore, probing in sectivore) likely to resultin

contact wi th contaminated environmental media;
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. A variety of habitat types (e.g., fields, marshes, woodlands, coastal areas);
and

. Small to large body sizes.

Other attributes also were considered when selecting species for the Handbook,

including:
. Species with wide geographic distribution within the United States (or
replaced regionally by similar species);
. Species of concern to EPA or other regulatory agencies (managed by state or
Federal agencies); and
. Species of societal significance (familiar or of concern to most people).

Tables 1-1, 1-2, and 1-3 list the birds, mammals, and reptiles and amphibians,

respectively, included in the Handbook. The species are listed according to diet, general

foraging habitat, and relative body size.

The species included in this Handbook were necessarily limited; however, we do
not recommend limiting wildlife exposure assessments to the species or similar species
identified in the Handbook. Instead, the Handbook should be used as a framework to
guide development of exposure factors and assessments for species of concern in a risk

assessment. Species selection criteria for site-specific risk assessments might include the

following considerations

. Species that play important roles in community structure or function (e.g.,
top predators or major herbivores);

] Diet, habitat preferences, and behaviors that make the species likely to
contact the stressor;

. Species from different taxa that might exhibit different toxic effects from
contaminants;

. Local species that are of concern to Federal and state regulatory agencies

(e.g., endangered and threatened species);
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Table 1-1. Characteristics of Selected Birds

Diet General Foraging Ha bitat Body Size Selected Bird Species
Insectivore?®
probing/ soil- dwelling inv ertebrates woodla nds, marshes medium American woodc ock
gle aning/ insects marshes small marsh wren
Herbivore
gleaning/ seeds woodla nds, fields and br ush medium northern bobw hite
grazing/ shoot s open fields large Canada goos e
Omniv ore open woodla nd, subur bs smal | American robin
Carnivore® open fields, forest edge medium American kestr el
most ope n areas medium red-taile d hawk
Carnivore/Piscivore/Scaven ger
small birds & mammal s/fish/dead fish | open water bodie s large bald eagle
fish/invertebrates/small birds/garbage | Great Lakes and coastal medium herring gull
Piscivore® most str eams, rivers, small medium belted kingf isher
lakes
most fr eshwater and saltwater large great blue heron
bodie s
large water bodie s large osprey
Aquatic Insectivore®
probing/ soil- dwelling inv ertebrates most rivers and streams small spotted sandpipe r
diving/ aquatic inv ertebrates oceans and coastal areas medium lesser scaup
Aquatic Herbivore/lnsectivore most wetl ands, ponds medium mallard

4ncludes consum ption of insects, other arthropods, worms, and ot her terrestrial invertebrates.
PIncludes consum ption of terrestrial vertebrates and | arge invertebrates.

‘Includes consum ption of fish, amphibians, crustaceans, and ot her larger aquatic animals.
YIncludes consum ption of aquatic invertebrates and am phibian larvae by gleaning or probing.
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Table 1-2. Characteristics of Selected Mammals

Selected
Diet General Foraging Ha bitat Body Size Mammal Species

Insecti vore?
gleaning/ surface-dwelling inv ertebrates | most habitat typ es small short-tailed shrew
Herbiv ore
gleaning/ seeds most dry-land habitats small deer mouse
grazing or browsing/ shoot s, roots, or grassy fi elds, marshes, bogs smal meadow vole
leaves prairie grass co mmunities smal | prairie vole

most h abitat typ es medium easter n cotto ntail
Omniv ore woodla nds, subur bs medium raccoon

mixed woodla nds and ope n medium red fox

areas
Carnivore® most ar eas near water medium mink
Piscivore® rivers medium river otter

coastal, estuaries, lakes medium harbor seal
Aquatic Herbivore most aq uatic habitats medium muskr at

4ncludes consum ption of insects, other arthropods, worms, and ot her terrestrial invertebrates.

PIncludes consum ption of aquatic and terrestrial vertebrates and | arge invertebrates.
‘Includes consum ption of fish, amphibians, crustaceans, molluscs, and ot her large aquatic animals.
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Table 1-3. Characteristics of Selected Reptiles and Amphibia ns

General Foraging Ha bitat Selected Reptile or
Adult Diet for Adults Body Size Amphibia n Species
REPTILES
Terrestrial Carnivore® open woods, fields and br ush medium racer
Aquatic Piscivore® most typ es of water bodie s medium northern water snake
Omnivore open fields, forest ed ge, medium eastern box turtle
marshes
most fr eshwater bodie s large snapping t urtle
Aquatic Herbivore mo st wetl ands, ponds medium painted turtle
AMPHIBIANS
Insectivore® shallow fr eshwater bodie s smal green frog
Aquatic Piscivore/Insecti vore® lakes, ponds, bogs, streams medium bullf rog
small lakes, ponds , streams smal | eastern newt

dncludes consum ption of terrestrial vertebrates and i nvertebrates, insects, other arthropods, worms, and ot her terrestrial invertebrates.
PIncludes consum ption of fish, amphibians, and crustaceans.

‘Includes consum ption of insects, other arthropods, worms, and ot her terrestrial invertebrates.

dIncludes consum ption of fish, amphibians, crustaceans, molluscs, other aquatic animals, and terrestrial insects and ot her invertebrates.



. Species of societal signif icance or conc ern (e.g., game species, familiar
species); and
. Species that have been shown to be particularly sensitive to the stressor

being addressed.

When species of concern for a risk assessmen tinclude sp ecies for whic h data are
presented in this Handbook , it can serve as a readily available source of data for

scr eening- level exposure analyses.

1.4. LIST OF EXPOSURE FACTORS

Three routes of exposure may be of concern for wildlif e in the vicinit y of
contaminated surface water s and terrestrial habitats: oral, inhalation, and dermal. Oral
expos ures might occur via ing estion of con taminated food (e.g., aquatic prey) or water or
incidental inge stion of con taminated media (e.g., soils, sedim ents) during foraging or other
activities. Inhalation of g ases or particulates might be a signif icant route of expos ure for
some animals. Dermal expos ures are likely to be most signif icant for burrowing mammal s
(i.e., via contact wi th contaminated soils ) and animals that spend considerable amount s of
time submerged in surface water s. This Handbook tabul ates sel ected data for all three
routes of exposure (Table 1-4), emphasizing or al expos ures. It also provides quantitative
information on popula tion pa rameters and qualitative information r elated to seaso nal

activities, geographic r anges, habitats, and other life-history characteristics.

The exposure factors presented in the Handbook ar e conc eptually sep arated into
four types: normalizing factors (Section 1.4.1), contact r ates (Section 1.4.2), popula tion
dynamics (Section 1.4.3), and seasonal activities (Section 1.4.4). Section 1.5 describesthe

format in which values for these exposure factors are presented in Chapter 2.
1.4.1. Normalizing Factors

Normalizing factors include body weight , growth rate, and metabolic r ate, which are

discussed in turn below.
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Table 1-4. Wildlife Exposure Factors Included in the Handbook

Parameter Type

Exposu